Abstract-Usability studies provide essential information about users' views and perceptions of efficiency, effectiveness and satisfaction of given online services. Nowadays, e-government web sites become popular. Therefore, there is a need for usability testing to specify the usability problems and to make the services of the e-government more usable. The purpose of this study is to investigate usability of some Turkish e-government services. The study examined usability of five Turkish e-government web sites: Ministry of National Education -Student Information System (eokul), Ministry of Justice -National Judicial Network Project (UYAP), Turkish National Police: Vehicle Search System, Social Security Institute: Service Details and General Directorate of Land Registry and Cadastre. It was conducted with nine participants. This study is a case study with mixed design methodology, in which both quantitative and qualitative approaches were employed and combined. Quantitative data were collected through an eye-tracker, a pre-test questionnaire of participants' demographics and previous utilization of egovernment web sites and a post-test questionnaire. Qualitative data were collected through both semi-structured individual interviews and observation during test. The study results identify the usability problems encountered while using government services. The study concludes with specific recommendations for improvement of e-government services in Turkey.
INTRODUCTION
Parallel to widespread use of internet technologies by academic and business organizations, there is an increased utilization of e-government applications. E-government aims to enhance access to and delivery of government services to benefit citizens. Definition of e-government ranges from -use of information technology to free movement of information to overcome physical bounds of traditional paper and physical based systems to "the use of technology to enhance the access to and delivery of government services to benefit citizens, business partners and employees" [1] .
E-government research is summarized in [2] . In this study we use e-government definition made by Fang [3] : "Egovernment is defined as a way for governments to use the most innovative information and communication technologies, particularly web-based Internet applications, to provide citizens and businesses with more convenient access to government information and services, to improve the quality of the services and to provide greater opportunities to participate in democratic institutions and processes" [3] . According to Fang [3] , e-government includes transactions between government and business, government and citizen, government and employee, and among different units and levels of government. E-business and e-commerce are subsets of e-government. The focus of this study is governmentcitizen related transactions.
Government organizations perceive web sites as promising means to increase the involvement of the citizens and to advance their efficiency [4] .Usability problems are one of the reasons why e-government web sites are underused [5] . When users do not tolerate poor usability, they prefer to go elsewhere or it takes more time for the users to complete transactions. Thus, usability has become an important component of web site deployment as a key platform for egovernment [6] .
According to ISO 9241 [7] usability is defined as "the effectiveness, efficiency and satisfaction with which specified users achieve specified goals in particular environments". Usability is also defined as a quality evaluation that assesses how easy user interfaces are to use [8] . According to Nielsen [8] , learnability, efficiency, memorability errors and satisfactions are five quality components of usability.
The number of studies conducted on different aspects of web usability has increased in the past decade [9] , [10] , [11] , [12] , [13] , [14] , [15] , [16] , [17] . However, the number of studies regarding e-government usability is still limited.
Parallel to the increased demand for usability analysis of web sites, and it is becoming more common to include eyetracking techniques in such studies [18] . Use of eye tracking tools adds different aspects to the usability studies by providing objective and quantitative evidence to investigate user's cognitive processes, such as visual and attention processes [19] .
II. E-GOVERNMENT USABILITY
The usability of e-government websites is considered to be more important as compared to the commercially-inspired web sites since they are developed with a certain official character [20] . Government agencies aim to operate more effectively and efficiently in the future by means of usability improvements. To improve usability, it should be measured. There is a recent trend in conducting studies that measure egovernment usability.
Although the importance of e-government web site usability is clear, usability is often disregarded in developing e-government sites, and governments rarely conduct usability tests for the citizens [21] , [22] . Usability of e-government systems has been mostly limited to the analysis of government websites at various levels of government [22] . Since egovernment websites are complex communication products, they should be as simple to as possible. Donker-Kuijer et al. [23] presented usable guidelines for usable websites by analyzing five e-government heuristics.
Using a common set of performance metrics from user participation, Lee and Cho reported the results of an evaluative study of the Korean e-government portal from the usability perspectives [21] . Results of the study suggested that there are wide variations in the usability for the services provided and significant work should be performed to make egovernment services more usable.
Pakistani government websites were studied by Saeed et al. [24] . As a result of their study, the authors stated that the usability level of Pakistani e-government sites studied were not good and needs further improvements. To measure usability of e-government sites in the study, surveys were used.
Turkish e-government websites were examined by Akıncı and Cagiltay [25] by eye-tracker. According to their results, participants failed to complete the given task and gave up working on to task due to poor design of submenus in egovernment website. Moreover, the study results showed that some links of e-government web sites did not work or some were directed to blank pages.
According to Dijk et.al. [5] the usage of web heuristics is common in many government organizations. Soufi and Maguire used a three level model as a heuristic tool to evaluate a case study e-government web site [26] . Svaji et al. [27] focused on understanding the effectiveness of heuristics evaluation as a methodology for defect detection. The results showed the effectiveness of the heuristic evaluation as a usability testing methodology in capturing defects, and in prioritizing development and design efforts.
In another study to measure quality of e-government web sites automated tools were utilized [28] . The quality of egovernment web sites of five Asian countries was measured by means of web diagnostic tools online. As a result, the authors confirmed that the e-government websites of the studied Asian countries neglected performance and quality criteria.
For some older adults, the Web may be the only option of accessing e-government resources. Becker studied egovernment usability for older adult people [29] . Fifty state and 50 federal e-government home pages were evaluated in terms of usability.
III. EYE-TRACKING UTILIZATION IN USABILITY TESTS
Eye-tracking research has been increasingly used to supplement usability tests in both commercial, academic practice. [18] . Eye tracking provides great benefits revealing information that could otherwise be guessed [30] . Eye tracking alone is not a complete engineering approach, though it can make a significant contribution to the assessment of usability.
A summary of 21 usability studies incorporating eyetracking was presented by Jacob and Karn [31] . They reviewed a variety of research on eye movements in human computer interaction. The study of eye movements pre-dates the pervasive use of computers by almost a century. In 1970s, eye movement research and eye tracking flourished, with great advances in both eye tracking technology and psychological theory to link eye tracking data to cognitive processes.
Since 1990s, researchers are involved in eye tracking studies to answer questions about usability [31] . Albanesi et al. [30] presented an innovative approach to semi-automatic usability inspection based on eye-tracking [30] . Recently the number of studies conducted on use of eye tracking for testing web usability has increased.
IV. METHOD

A. Purpose of the Study
The purpose of the study is to identify usability of the following five Turkish e-government web sites (Ministry of National Education -Student Information System (e-okul), Ministry of Justice -National Judicial Network Project (UYAP), Turkish National Police: Vehicle Search System, Social Security Institute: Service Details and General Directorate of Land Registry and Cadastre), to collect quantitative data on participants' performance (e.g., time on task, error rates), and to determine participant's satisfaction with the e-government web sites.
B. Design of the Study
This study is a case study with mixed design methodology, in which both quantitative and qualitative approaches were employed and combined into the research methodology of a single study [32] . This study employed both triangulation and explanatory method type of mixed method design to validate and compare quantitative findings with qualitative ones and used qualitative data to expand on or explain findings of quantitative data.
C. Participants of the Study
In this study, convenience sampling was used. Nine participants enrolled in the study. According to Nielsen [33] , more than 75% of the usability problems can be found with five participants. As this number approaches 15, almost all of the usability problems can be identified [34] . Therefore, nine participants are sufficient to identify major usability problems on the inspected e-government web sites.
All of the participants are experienced web users. Average age of the participants is 33 (max = 41 and min = 28). Of all the nine participants, recordings of two participants' for some of the e-governments web sites were eliminated because of the accuracy problems in the eye tracking data. One of the participants could not perform the tasks of "Ministry of Justice -National Judicial Network Project (UYAP)" due to the system problem. Except her, all of the participants were utilized all e-government web sites with different orders.
D. Procedures of the Study
The participants attended the experiment in single session. All participants completed a pre-test questionnaire to figure out previous utilization of e-government pages. Later, the participants were informed about the test, think-aloud protocol and the eye tracking system. After brief explanation of the study, participants were asked to complete a series of routine tasks and they were encouraged to take time as much as they needed to do the tasks. During the tests, participants were encouraged to speak aloud as much as possible while completing the task, and the participants' performances were observed and recorded by the researcher. Participants' eyes movements, number of mouse clicks, time for completing a task were captured by eye-tracking technology.
Major phases of the study consist of quantitative and qualitative phases. The data collection phases of the study can be divided as beginning, during and after the study (see Table  I ). 
E. Data Collection and Instruments
In this study data were collected through both quantitative and qualitative methods. The experiments were conducted in METU-CEIT Technology Enhanced Learning Research Application Laboratory at Middle East Technical University. Eye movements of participants were recorded by Tobii 1750 Eye Tracker that records gaze locations at the rate of 120 MHz. In addition to the eye tracker data, the participants were observed while they were working on the tasks.
Data was collected by eye tracker, questionnaires and interviews. Nine participants tested the usability of the five Turkish e-government pages, with the help of eye-tracking technology, supported by observation of the participants, a pre-test questionnaire, which was used to assess participants' previous experience with the e-government pages, a post-test questionnaire and a semi-structured individual interviews about the participants' perceptions at the end of the study. All data collection instruments were in Turkish.
At the end of the study, post-test questionnaire about the participants' perceptions was conducted. Post-test, System Usability Scale (SUS) was adopted from Brooke [35] .
Qualitative data were collected by observation during eyetracking test and semi-structured, face-to-face 10 minutes interviews. After eye tracking recording sessions, individual interviews were conducted with every participant to collect data about participants' perceptions of e-government web sites.
F. Data Analysis
The quantitative data analysis consisted of descriptive statistics. Tobii Studio software was used to analyze the data collected by eye tracker. Sessions were recorded and analyzed to identify the fixation count and visit duration. Table II presents the used metrics and their utilization aim in this study. 
Metrics
Aim of Utilization
Fixation Count
To give the number of times the participant fixates on the related page and it is negatively correlated with search efficiency. a large numbers of fixation count may indicate a poor or complex interface design that decreases the efficiency of search
Visit Duration
To measure the duration of all visits during the assigned task within related page, was used to define the total time the participants spent in order to perform each task.
Qualitative data were interviews and note taken during eye-tracking test. Qualitative data were analyzed together with eye-tracking data. After test, the participants and researcher was conducted in the form of a semi-structured interview in which the interviewee reflected on his feeling and perceptions about usability of e-government web sites. This interview acted as an informal exchange of observations and views. Hence, no formal interview schedules were utilized. The interviews were tape-recorded after obtaining consent from the interviewees, and later, they were transcribed verbatim for data analysis.
V. RESULT
A. Pre-test Questionnaire Results
In this study, the pre-test questionnaire was used to evaluate participants' previous utilization and involvement details in Turkish e-government web pages. According to the results of the pre-test questionnaire, five participants out of nine used e-government web sites before the study. All of them said that they used Social Security Institute before the study. Two participants declared that social security institute and Ministry of National Education-Student information services are the services that they used most. While none of the participant stated that they used ministry of Justice services before the study.
B. Eye Tracker, Intreview and Observation Results
All participants are given a total of 27 tasks with different order according to the e-government web pages. One of the participants who declared that she used the e-government services before the study was not successful in entering the egovernment web site.
1) Ministry of National Education -Student Information System (e-okul)
One participant's recording was eliminated due to the accuracy problems in the eye tracking data. In the interview, most of the participants stated that like the interface and menu of e-okul and they stated that due to interface they easily completed the task. Table III shows average values for time to complete, visit durations and fixation count details of all participants for each task. The participants spent more time on finding the highest grade from the 1st exam than they did on the other tasks of eokul (See Table III ). However, the averages of visit duration and fixation count have maximum value for finding the 1st lecture on Tuesday. Moreover, Heat map of the tasks shows that participants focus on more than one area to complete the task (See Fig. 1 ). Higher number of visit duration and more than one focus on heat map can be interpreted that the participants searched on the pages while performing the task while higher fixation count value can be regarded as less search efficiency on the page. Finding total number of not attended hours is another task that the averages of visit duration and fixation count is high and participants have problem in completing. It was seen from the hotspot data in heat map that the participants focused on distributed areas mostly on left side menu which is not the area to complete the task. Two participants logout from e-government and did not logout form e-okul. Since this e-service is different than others, it opens a pop-up screen for the service. Users had difficulty to find logout of pop-up screen. Eight participants entered the system successfully. Independent from participant and system's usability a serious defect was determined. Although there is a trial registered for a participant, the system delivered a message as "Adınıza açılmış ya da müdahil olduğunuz dava kaydı bulunamamıştır. = There is no trial for your name". This message appeared twice during the tests. Four participants were unsuccessful to find their status. Higher number of visit duration and fixation count (See Table IV ) for number of respondent can conclude that participants have difficulty to complete the task. Finding number of complaints tasks' heat map demonstrates that participants searched all web sites up to down to complete the task ( See Fig 2. ) 
3) Turkish National Police: Vehicle Search System
One participant was failed to enter the system due to system error. This is a serious problem which occurred for more than one participant. However, except for one of them, system started to work properly in second try. Table V shows average values for time to complete, visit durations and fixation count details of all participants for each task.
The participants spent more time on finding administrative problems (See Table V ). High number of visit duration and fixation count value for the task, enter system can be an evidence for less search efficiency on the pages. Moreover, two participants stated second color as color and three participants said wrong model. However, according to the observation and interview results, all of them thought that they completed the task correctly. Another problem in search vehicle system is that after a plate is queried and when the participant returns back to search page, the previously search plate number is visible in the screen. 
4) Social Security Institute: Service Details
Based on post-test interviews, eye-tracking system data analysis and the notes taken during the test, it can be stated that finding the SGK service details page is the most time consuming, and difficult to use one. A task was searched within incorrect organizations. Two of the participants searched this task not within SGK, but within "Çalışma ve Sosyal Güvenlik Kurumu". Two participants were unsuccessful and they stated wrong date for start of work. Moreover, higher fixation count value for finding 1st day of work (See Table IV ) can be interpreted as less search efficiency on the page. 
5) General Directorate of Land Registry and Cadastre
Average time to entering the system, highest of all 27 task, is 1 min and 2.20 second (See Table VII ). None of the participants found the link to enter the system in their first visits. Fig 3. presents how participants searching to enter the system and participants focus on wide distributed area.
According to the data collected by the eye tracker, average visit duration is 11.63 second for 16 for finding land register. Largest number of visit for this task is 4 and four participants complete the task at their first visit. According to small value of fixation counts, visit durations and observations, participants easily found the area of home. However, due to background picture, they had difficulty to read the value. Table VIII ). Two participants declared Turkish egovernment web sites usability as poor while one participant found services good. Six participants stated Turkish egovernment web sites usability as okay. In this study, usability of five Turkish e-government websites was examined. The result of this study revealed major problems with Turkish e-government websites, pointing out a variety of improvements on the pages. It is possible to give some design suggestions according to problems participants have encountered. Some of the problems and suggestions are:
x The most important problem was detected in Ministry of Justice service. One of the participants did not see the trial on the system due to system error. However, system message stated that you do not have any trial. When there is a technical problem in the system, a different message should be given to the participants. x Finding the requested service, especially the long list in the query page made the task difficult. As a solution to this, some participants suggested that subtitles or submenus should be opened when requested for the queries. x Some of the e-government web sites did not work or give frequently system error. This system error should be solved. x The previously searched results should be cleaned from the page and a clean form should be presented to the users. x Some fields are not easy to read due to pictures that are presented behind the text. This problem can be solved when the background pictures are removed. x There should be a help section for users.
